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CHAPTER 1
INTRODUCTION

Increasing national attention has focused on the health risks from "toxic" (non-
criteria) air pollutants that arise in urban areas where a concentrated level of industrial
activity coexists with high population density. Within EPA Region V is Southeast
Michigan, an area that combines concentrated industrial activity with high population
density. In particular, Southeast Michigan is one of the nation’s foremost locations for
motor vehicle manufacturing and a wide range of other manufacturing activity.
Immediately across the United States/Canada border, the urbanized areas in and around

Windsor and Sarnia, Ontario, also have high population density and a variety of
manufacturing facilities.

AIR TOXICS AND THE GREAT LAKES

This combined area is also significant because it is located in or near the Great
Lakes watershed. The quality of the environment in and around the Great Lakes has been
a concern for some time. Originally, concern was focused on water quality degradation due
to point sources, especially sewage disposal. In addition, the addition of nutrients to the
lakes, such as phosphorus, encouraged algal growth and oxygen depletion. In the last
decade, efforts to control these phenomena have met with some success.

While nutrient levels are gradually being controlled, thus reducing the threat of
eutrophication, input of toxic substances to the Great Lakes continiies to be of concern
because of the potential impacts on human health. In addition, research has shown a
variety of adverse ecosystem effects resultidg from toxic substances. Ac:ordingly, the

sources, transport and fate of toxic substances in the Great Lakes, has become a major
focus of many studies.

Early studies emphasized the dispersal and bioconcentration of organochlorine
pesticides (sqch as DDT) and polychlorinated biphenyls (PCBs) through the ecosystems of

AP/FAS47/FBC1916G.RPT



the Great Lakes. PCBs for example were found in lake water on Isle Royale in Lake
Superior in the 1970s. Gradually, the ambient atmosphere has been determined to be a
substantial source of toxic substances through both wet and dry deposition. As an
atmospheric phenomenon, deposition’s contribution to lake or soil concentrations of toxic
substances have been known for some time (see for example Abbott et al, 1965). During
the 1980’s, public awareness of the phenomenon in the Great Lakes environment has
increased, as reflected in coverage by periodicals and the mass media (see, for example,
Botts, 1983, and New York Times, 1987). Special attention has been focused on the levels
of toxic substances in Great Lakes fish, and the issuance of public hezalth fish consumption
advisories (USEPA/GLNPO 1988a).

Fot many substances, it is apparent that atmospheric deposition is the dominant |
pathway, particulary in the Upper Lakes away from major urbanized areas. Mass balance
analyses have been performed which support this conclusion (Strachan and Eisenreich,
1988). For example, the atmosphere is considered to be a substantial contributor to the
loadings of PCBs, DDT, lead, and benzo(a)pyrene. gsmﬁatcs of lead and benzo(a)pyrene
range from 46 to 97 percent and 72 to 96 percent, respectively.

DEVELOPMENT OF AIR TOXICS STUDIES IN REGION V, USEPA

Previous studies assessed and quantified the impacts of air toxics into the Great
Lakes by focusing on air quality monitoring data in conjunction with mass balance
techniques. With the purpose of further understanding the influence of the air toxics inputs
to the Great Lakes, Region V’s Air and Radiation Division, in conjunction with the Great
Lakes National Program Office, directed Engineering-Science to conduct two studies: the
Lake Michigan Air Toxics Emissions Inventory and the Transboundary Air Toxics Study.

‘The Lake Michigan study was designed to generate air toxics emissions inveatories
for the Consolidated Metropolitan Statistical Areas bordering Lake Michigan. This date
base is planned for use in deposition modeling by USEPA. At about the same time, the
Transboundary Air Toxics Study was initiated 10-prepare an: 2ir-t0Xics emissions inveatogy
tor: WW#M&@M‘ area, which thea was: t0 be used in a two-part
] tion.aDdFisk-me. 2ling analysis. It is the purpose of this report to present the results
of this analysxs This s .dy serves the purpose of evaluating the source types and pollutants
which contribute to increased cancer risk from air pollution in the Southeast

AP/FAS47/FBC1916G.RPT
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Michigan/Windsor-Sarnia area, as well as estimating deposition rates in the area.
Throughout this study, this area is referred to as the Transboundary area, or region.

: An
Analysis of Cancer Risks for Selected Pollutants (dated May 1985) estimates that as many
as 1800 to 2400 cancer cases per year may be attributed nationally to air pollution (not
including indoor radon) (USEPA/OAR and OPPE, 1985). This report further finds that
while individual industrial sources may lead to high localized risks, a substantial share of
the cumulative risk from air toxics comes from activities that are more population-oriented,
such as driving motor vehicles. In fact, limited monitoring data in some large cities
indicates that risks even in residential and commercial areas approach the risks found near
the highest risk industrial facilities. Further, various studies suggest that cancer risks from
air pollution throughout urban areas are commonly in the range of 1x103 (i.e., 1 case per
thousand people exposed for a lifetime) to 1x10 (1 case in 10,000). These risks arise from
the multiple sources of emissions of multiple pollutants that exist in all urban areas. Since
61% of the United States population lives in urbanized areas, and the exposure to high
urban toxics risks extends throughout these urban areas, this urban air toxics exposure
appears to contribute the major share of the cases of cancer attributable to air pollution.
One of the purposes of this study, then, given the general national picture of urban air
toxics risks, is P o

1-3
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CHAPTER 2
STUDY DESIGN

As indicated in Chapter 1, the Transboundary Air Toxics Study includes an
evaluation of both deposition and human health risk. Given the historical interest and
activities in both the United States and Canada in the study of toxic substances in the Great
Lakes environment, and the important role of urban areas as sources of toxic substances,
an urbanized area spanning the United States/Canada border is an ideal area for an air
toxics case study. The Transboundary region, including both Detroit, Michigan and
Windsor, Ontario, is such an area, with a population of approximately 4,285,000 (including
nearly 499,000 on the Canadian side of the border), and-a mix of industrial and other urban

sources.

-

Prior to development of the databases to be used in the generation of emissions, the
counties, pollutants, and source categories to be included in the inventory were chosen. In
each case, priorities were established based on the relative importance of a county,
pollutant, or source category to deposition and human health risk in the Transboundary
region.

GEOGRAPHIC COVERAGE

As mentioned above, industrialized urban areas can produce substantial air toxics
emissions. Accordingly, for this study, it was decided to focus on counties which include the
industrialized areas within the Transboundary region®. A total of ses-eountiesswere chosen
- seven 4m-Méohigag (Lapeer, St. Clair, Oakland, Macomb, Washtenaw, Wayne, and
Monroe), apd-siasee-in-Gntasio (Lambton, Kent and Essex). Figure 2-1 shows all of these
counties along with an overlaid master grid with cells 20 km on a side. These grid cells are
the same as those developed for the National Acid Precipitation Assessment Program
(NAPAP) inventory. Utilizing the NAPAP grid provided a number of advantages,

*The study area was limited to roughly 50 km from Lake St. Clair and the Detroit and St.Clair Rivers due to the
types of the modeling techniques planned.

AP/FAS47/FBC1926Z RPT 2-1
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including direct utilization of NAPAP VOC and TSP area source emission estimates, and
consistent data on both sides of the international border. In order to provide further detail
to the inventory, these cells were subdivided into quarters, so that each cell was 10 km on a
side. and then further subdivided to 5 km and 2 1 /2 km grids. Figure 2-2 shows the full
area source grid and Figure 2-3 shows an enlargement of 2 1/2 km grid. Cell numbers in
these figures designate the numbers used to designate and track grid cells throughout the
study. All allocation procedures, as described in Chapter 3, were then organized according
to this grid design. The receptor grid for modeling is the same as the source grid, except
for extra receptors on a 2 1/2 km grid in the Port Huron/Sarnia area: the modeling
approach is also discussed in Chapter 3.

POLLUTANTS

There are literally hundreds or even thousands of pollutants which could be
included in a study such as this one. However, several criteria were utilized for help in
choosing the pollutants to cover. As indicated above, both deposition analysis and nsk
assessment are potential applications of the final emissions data; as a result, PNE-HEi
shosca: were “geheraily: substances- known to bs.-atmospherically deposited. .into- the
Tragshoundary. 16gies, substances known-t6-pose a carcinogenic risk ar othee substantial
‘humen heeitir-risiy-or-beth. In many cases, emission sources of such pollutants have also
been studied extensively by USEPA, thereby providing the basis for making emission
calculations relatively efficient by using calculation factors on large databases.

A total of .3#-substamgws was eventually chosen; a list is providéd in Table 2-1.
These pollutants may be broken down into seven categories:

chlorinated solvents

"common" VOC

metals

organics associated with chemical production and other chemical reactions
pesticides

polycyclic aromatic hydrocarbons (PAHs) and other products of incomplete
‘combustion

0 specialty and miscellaneous substances

O 0 o 0 o o
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Figure 2-2

Grid Cells for the Transboundary Area




Figure 2-3

2.5 x 2.5 km Grid for the Core Area
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TABLE 2-1

N

SUMMARY OF POLLUTANTS
BY TYPE
Type Pollutant
1. Chlorinated Methylene chloride
Solvents Perchloroethylene
Trichloroethylene
2. "Cornmén" vVOC Benzene

3. Metals

4. Organics/
Chemical

. Production and
Reactions

AP/FAS47/FBC1926B.TBL

1,3 butadiene -
Carbon tetrachloride
Chloroform
Formaldehyde
Gasoline vapors

E
-
- -

Arsenicv
Beryllium-
Cadmium
Chromium
lMead
ercury
Nickel
Selenium

Acrylamide -
Acrylonitrile
Allyl chloride
Di-n-butylphthalate -
Di-n-octylphthalate
Epichlorohydrin
Ethyl acrylate
Ethylene dibromide
Ethylene dichloride
Hexachlorobenzene
Hexachlorobutadiene
Hexachloroethane
Melamine
Methyl chloride
Octochlorostyrene
ene
Vinyl chloride -
Vinylidene chloride

- 26



TABLE 2-1 (cont’d)

SUMMARY OF POLLUTANTS
BY TYPE*

Type ‘ Pollutant

Pesticides Aldrin .
Chlordane
Diazinon
Guthion
Heptachlor
Heptachlor epoxide
Parathion

w

6. Polycyclic aromatic Benzo(a)pyrene
hydrocarbons and Chlorinated dibenzofurans
other products of , Chlorinated dioxins
imcomplete combustion Coke oven emissions

Chrysene

Dibenzen(a, h)anthracene
Fluoranthene
Methyl-benzanthraceries
Methyl-chrysenes ~
Phenanthrene

Total PAHs

7. Specialty and Asbestos
miscellaneous Ethylene oxide
substances Hydrogen sulfide
Polychlorinated biphenyls

“Some pollutants are not of one type exclusively.

AP/FAS47/FBC1926B.TBL 2.7
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Based on the type of sources which produce these sources (combustion sources can
produce metals and PAHs for example), a list of point and area source categories was then
developed.

SOURCE CATEGORIES

A summary of SESHWENE is provided as Table 2-2, and is broken down by
pomt sources and area sources. It should be pointed out that this list m
b ST ot el e s oy of the 57 substances, rather, it was gesignad

COP whxle hmmng databases 0 a

manageable size.

The facility and source data used as the initial database was the VOC and TSP
emission inventory for the ten counties (seven in Michigan and three in Ontario) from the
National Acid Precipitation Assessment Program (NAPAP). Supplemental data was used
where available, including the databases of EPA (igclud'ing the NESHAPs database), the
Michigan Department of Natural Resources, the Ontario Ministry of Environment, and the
Wayne County Department of Health (Air Pollution Control Division). Chapter 3
describes the general procedures used on this and other databases to develop emission
estimates for the 57 substances, as well as the modeling approach employed. Chapter 4
presents the results of both the emission estimates and the risk assessment, while Chapter S
presents the methodologies and results of the deposition assessment.

AP/FAS47/FBC1926Z RPT 28



TABLE 2-2
SUMMARY OF SOURCE CATEGORIES

Poi T

Chemical production

Coke and charcoal combustion
Coke ovens/iron and steel
Fuel combustion

Metals production

Motor vehicle manufacturing
Refineries

Waste incineration

Area Sources p
Additional miscellaneous NAPAP categories
Architectural coatings

Auto refinishing

Cold degreasing

Cooling towers

Dry cleaning

Gasoline marketing

Mobile sources

Pesticides

Residential oil combustion

Residential wood combustion

.29
AP/PAS43/FBCI926F.TBL S
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CHAPTER 3
STUDY METHODOLOGIES

As indicated in Chapter 2, the Transboundary Air Toxics Study is based on 57
specific pollutants for a number of specific source categories. This chapter provides an
overview of the methodologies used for both estimation of emissions and dispersion
modeling. Specific methodologies used for the deposition assessment are discussed in
Chapter 5.

INTRODUCTION

In order for dispersion and deposition modeling to be performed, emission
inventory data, release parameter information (incl,udin/g stack data), and meteorological
data is necessary. A risk assessment is then based on the ambient concentrations, the
population known to be present in the area of the ambient concentrations, and the relative
carcinogenic potential (as expressed by unit risk factors) of individual pollutants. The
purpose of this chapter is to present the methodologies utilized to produce emission
estimates, modeling estimates, and risk calculations generated in this study. Figure 3-1
presents a graphic overview of these methodologies.

EMISSION ESTIMATES

Given the size of and the number of facilities in the Transboundary area, utilization
of computerized databases and calculation techniques was essential. Large, programmed,
computerized calculations of emissions allow for estimates for thousands of cources, and
provides the basis for prioritization of 'quality assurance activities. Such estimates are
usually based on use of one of three types of “indirect” calculation factors:

o air toxics emission factors;

o VOC speciation factors (species emission equal to a fraction of total VOC
emissions); and

R 31



FIGURE 3-1

OVERVIEW OF EMISSION ESTlMATlON |
AND MODELING METHODLOGIES
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° particulate composition factors (substance emission equal to a fraction of
TSP emissions).

Throughout this report, these factors are referred to as "primary calculation factors”
(PCFs).! This section is focused on providing an overview of emission inventory
methodologies used in this project.

Point Source Approach

There were two main types of databases -- facxhty/source data and PCF / emxssxons-
related data. The primary facxhty/source data was MRS T e
(NEDS) database for the affected counties; this data was identical to the 1985 NAPAP
data. Ultilization of a processed PCF file (see below) on the NEDS/NAPAP file was the
primary mechanism for estimating emissions. The overall organization of this data
preparation and processing effort for point source data in this project is presented in Figure
3-2. (Additional evaluation of stack parameters was ’riecessary before modeling could
proceed; see section on dispersion modeling approach below.)

The NEDS/NAPAP data was chosen because it is relatively comprehensive, and
was subject to a high level of quality assurance. These point source estimates combined
with the NAPAP area source estimates represent total emissions of criteria pollutants. For
example, industrial boilers too small to be listed as NAPAP point sources were included as
area sources in the NAPAP area source deck. The combined NEDS/NAPAP point source
and area source deck should therefore provide a fairly complete representation of
traditional point source emissions based on criteria pollutants. The major effort to

supplement this deck was geared at identifying special source categories which produce
pollutants relevant to this study (see Chapter 2).

The database was supplemented by NESHAPs facilities listed in EPA’s NESHAPs
database as emitting the study-specific pollutants, and by the State of Michigan's point
source files. As the NESHAPs database is facility-based (not based on emission points like
NEDS) these sources were located in the databases and point-specific information was

g al cases, polycychc organic matter (POM) emission factors were used to estimate emissions of polynuclear
aromatic hydrocarbons (PAH).

33
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obtained. Mi&xiga.n’s files provided a number of sources which were documented in
neither the NEDS/NAPAP nor the NESHAPs database.

NEDS information was downloaded from EPA’s NCC IBM in an 80 column format.
This format allowed for direct uploading into PSES (the PC-based point source system
used). Special source categories and NESHAPs facilities were then identified in the
Michigan point source database (obtained in dBASE format), and these records were then
converted to PSES records and appended to the NEDS point source files. Finally, an
extensive literature review was conducted to identify emissions rates and speciation data

where possible for all substances on the list.

Whlle NESHAPs data was pollutant- specxfic SIBSENAPAP dasssittiiiiNg out
ergunio: compoad:(VOC) <end  iaiak.suspandot PERIIGRE" (TSP) amission
infammsatiam, (plus other criteria pollutant mformauon) Thercfore it was necessary to

either speciate VOC and TSP emissions using speeleHE

i BN, or to utilize specific air
toxics emission factors. Speciation factors were available through computerized files of
EPA’s "Air Emissions Species Manual," which is avaﬁ_able in two volumes, one for VOC
(USEPA/OAQPS, 1988a) and one for particulate matter (USEPA/OAQPS, 1988b). Air
toxics emission factors were available from USEPA’s "Toxic Air Pollutant Emission
Factors" (USEPA/OAQPS, 1988c).

Each of these volumes is extensive, and all are based on Source Classification Codes
(SCCs). Many individual SCCs have multiple entries in EPA’s "Toxic Air Pollution
Emission Factors," and there is significant overlap between this document (SCC by SCC)
and the "Air Emissions Species Manual." There was thus a need to provide a basis for
determining what species fraction or what emission factor for individual pollutants should
be used on NEDS/NAPAP data. (Species fractions are multiplied by VOC or TSP
emissions, and toxic emission factors are multiplied by appropriate activity parameters,
such as units of input, etc.) A protocol was therefore developed to evaluate and prioritize
PCFs. Results then were evaluated for anomalies, and appropriate adjustments to the
point source emissions were made.

Area Source Approach

The area source deck was developed to be consistent with the point source
estimates. The NAPAP VOC/TSP estimates for point sources (NEDS facilities) and

35
AP/FAS4T/FBC2686A.RPT N



NAPAP area source VOC /TSP estimates combine to provide estimated total nationwide
emission estimates. The matched deck concept has been described in the point source
section with the idea that facilities too small to be found in the NEDS deck are compiled as
small sources in the area source deck. The NAPAP area source deck further includes
three-digit SCCs for mobile sources, residential combustion, forest fires and a wide variety
of other sources of air pollution. The following discussion presents how these databases
plus other databases were used to generate area source emission estimates. Figure 3-3
provides a flow chart detailing this process.

Data Sources and Emission Speciation—Several primary references provided the
bulk of the data used in the development of the area emissions database. As with point
sources, the primary source of the emissions data was the 1985 NAPAP emissions
inventory. As discussed above, this inventory provided emissions for volatile organic
compounds (VOC) and total suspended particles (TSP) from area sources for cells 20 km x
20 km in size (four times the size of the study cells). Therefore, it was neccssary'to speciate
the NAPAP emissions for the toxic pollutants, and allocate these emissions to the smaller
study cells. The Air Emission Species Manual provided emissions profile data, source
category by source category. Unlike the point source approach, speciation profiles for all
industry averages (00000) were used, but only for appropriate miscellaneous source
categories.

A search of VOC and TSP speciation factors was conducted through dBASE to
extract all profiles that produced any of the 57 study pollutants. These profiles were then
matched to area source SCCs. A list of 85 area source SCCs was produced which resulted
in emissions of the 57 pollutants. Because many of the SCCs were described by the same
profile (light duty gasoline vehicles and gasoline trucks), some SCCs were combined and
the SCC list was reduced to 44. VOC and TSP emission estimates were then obtained for
the NAPAP cells (approximately 20 km x 20 km) in the study areas. Toxic estimates were
then created for these 44 SCCs by pollutant for the NAPAP cells, according to the
appropriate SCC profile.

Population Allocation Procedures - For the generation of the area dispersion
modeling inputs, the study area was segregated into 384 cells (see Chapter 2). These cells

range from 10 km x 10 km (1/4 of a NAPAP cell), down to Skmx S km and 2 1/2 km x 2
1/2 km. The area emissions from each of the NAPAP cells are unique, but it was necessary

AP /FAS4T/FBC2686A.RPT N



FIGURE 3-3
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to determine allocation procedures for allocating each NAPAP cell’s emissions down to 10

km x 10 km, 5 km x 5 km, and 2 1/2 km x 2 1/2 km cells. This allocation was accomplished
by either population or land use by cell.

P for the Michigan side of the study area was taken from the Graphical
Exposure Modeling System (GEMS), which was hased®t1986:United ‘States Citisandnta;
In contrast, the Gunsnie-digsiry of the Environment provided population for the Ontario
side fonshoveas4985. Because the two data sets were generated in two separate efforts,
the procedures for developing population-based allocation factors had to be structured
differently. For the Michigan side, population data was available by Block Group (BG);
BG centroids were therefore located according to the study grid, and population was
allocated to the specific study grid cell. Population allocation factors were then developed
based on the ratio of population in individual grid cells within a specific NAPAP cell, to the
total population in that NAPAP cell; speciated emissions for the NAPAP grid cell were
then multiplied by that ratio for all source categories except mobile sources and area
source categories which are more reasonably attnbuted to specific land uses rather than to
population.

Allocation of population on the Canadian side was somewhat more complex. 1985
population data from Ontario MOE was gridded, but in a different network of grid cells
than the network for this study. As a result, it was necessary to reallocate population in the
Ontario grid to the study grid, and then develop a set of population allocation factors on
the basis of the ratio of population in the study grid cells to the total population in the
NAPAP cells.

Area source categories which were appropriately apportioned by population (e.g.
those with per capita emission factors) were then calculated. Emissions for each pollutant
in each study cell were calculated simply by multiplying the allocation factor for each study
cell by the appropriate pollutant emission for the NAPAP cell in which the study cell is
located.

Mobile Source Procedures — Mobile source emissions are a function of many specific
factors, including vehicle fleet age distribution, vehicle fleet mix, vehicle fleet mileage
accumulation, and temperature. Mobile source emissions are especially a function of total
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traffic, as expfessed by vehicle miles traveled (VMT). T§

Because mobile source emissions are so heavily influenced by VMT and other
factors, it is best not to allocate areas with the greatest traffic by either population or land
use. For this study, the Southeastern Michigan Council of Governments (SEMCOG), the
organization responsible for transportation planning in most of Southeastern Michigan,
provided VMT and other related data for most of the study grid network. Based on this
data, and vehicle fleet characteristics provided by the Michigan DNR, MOBILE4 (EPA’s
mobile source emission factor model) was run to obtain VOC emission factors. Particulate
emission factors were taken from EPA documentation (Carey, 1987) and other sources.
Emissions were then calculated by grid cell by multiplying grid cell-specific VMT by grid
cell-specific emission factors. Additional detail is provided in the emission inventory
report.

Land Use Allocation Procedures—-There —were two non-mobile area source
categories for which population was judged to be an inappropriate allocation parameter:
ship/barge/boat traffic and pesticides. Ship, barge, and boat traffic was allocated either on
the basis of shoreline for the Great Lakes Waterways (including the Detroit and St. Clair
Rivers and Lake St. Clair), and on the basis of surface area for inland lakes. For inland
lakes to be counted in this calculation, a minimum length of one half mile was adopted.

Recreational boating emissions were then allocated to inland lakes and to grid cells
including the Great lakes waterways within a mile of the shoreline. Commercial ship and
barge traffic was allocated only to the Great Lakes waterways, but including all grid cells
with Great Lake waterways (not just those including shoreline areas). USGS quadrangle
maps were used for identifying waterways, including the lengths of their shorelines and
their surface areas.

Similarly, pesticide use is not well-correlated with population. Instead, pesticide use
is based on agricultural land use. Based on pesticide data from several sources, a specific
protocol was developed for estimating pesticide emissions. First, pesticide use by specific
pesticide in Michigan counties (Wade, 1989), and Ontario as a whole (McGee, 1984) was
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obtained. Second, Ontario pesticide use was allocated to counties by crop acreage. Third,
county pesticide use was allocated to individual grid cells on the basis of agricultural land
use, again using USGS maps. Finally, emissions were estimated using a specific emission
estimation protocol based on the specific type of pesticide used, the amount of pesticide
applied, and, in the case of pesticides no longer used, the residual amount expected in the
soil.

Consideration and Inclusion of Additional Databases

The preceding sections have addressed how the initial emission inventory was
developed. However, there is a broad range of information and data at Federal, state,
provincial, and local governmental levels which is relevant to developing an air toxics |
inventory. PCFs as presented above are accepted as providing a representative estimate
for the processes and/or industries which they were developed for. As with standard
criteria pollutant emission factors though, individual factors may or may not be
representative for a particular process or industry. It is véry useful 10 use specific, available
information on particular sources to augment any database developed purely from PCFs.

The Transboundary air toxics inventory effort was therefore developed to reflect
other databases whenever possible. The databases accessed included state, provincial, and
county databases and the SARA Section 313 Toxic Release Inventory System (TRIS)
database. Each is discussed individually below.

State, Provincial, and Local Databases - The basic data set used for creation of the
toxics database was the 1985 NEDS/NAPAP point and area source estimates for criteria
pollutants. The 1985 database covers both U.S. and Canadian point and area sources and
has the highest level of quality assurance of any similar deck. As this deck was created for
criteria pollutants, it was necessary to supplement it in order to estimate emissions for the
pollutants of concern in this study. Data wes obtained from EPA (NESHAPs and TRIS),
the Michigan Department of Natural Resources, the Ontario Ministry of the Environment,
Wayne County Department of Health, and SEMCOG (Southeast Michigan Council of
Governments) in order to make the inventory more comprehensive. This effort included:
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° checking of stack data and other details left out of USEPA's NESHAPs
database;

0 quality assurance evaluations of individual points and/or facilities whose
initial emission estimates appeared questionable; and

° obtaining data for smaller sources (such as chrome platers) which would not
" have been included in the NAPAP database, but would nevertheless have

significance for inventories of specific, high toxicity pollutants.

This information was probably most critical for performing quality assurance checks
on preliminary estimates. Preliminary estimates were submitted to the state and local
agencies for review, and specific facilities were discussed in detail by telephone. While
some facilities which were permanently closed after 1985 were eliminated from the
database as a part of this process, facilities retaining permits but not in operation after 1985
were included. In this way, modeling for deposition from local sources should l?g relatively

conservative. In addition, the Detroit municipal waste incinerator was added to the
inventory. )

SARA 313 (TRIS) Database-The submissions of July 1, 1988 (and after), were
developed for the calendar year 1987. Emissions are reported on a plantwide basis,
pollutant-by-pollutant. A review of the database reveals that frequently the most reported
substances are organic solvents. Such a result is not surprising given that solvents are often
raw materials that are purchased for use at specific facilities, and the quantities purchased
are known. Solvent emissions of this sort are frequently (though not always) reported as
fugitive emissions. ,

Many of the air toxics emissions at specific facilities though result from impurities in
feed materials or as a result of chemical reaction: related to the process. Some facilities,
especially the smaller ones, are less likely to be aware of such specific emissions. However,
because these processes are usually the source of criteria pollutant emissions, it is probable
that these processes will be documented in both state and NAPAP databases. It is these
databases that are the basis upon which PCFs are applied. Therefore, if the criteria
pollutant inventories are relatively complete with respect to key processes at significant
facilities, the TRIS database for process emissions should not be necessary.
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As a part of this process, there was a need to evaluate specific TRIS listings to
ensure that there was no overlap with other sources in the database. This effort was
complicated by the similarity of names (especially given the multiple facilities of the major
vehicle manufacturers in the area), and the fact that addresses or locations were sometimes
ambiguous. After cross-checking of databases, telephone calls were made to specific
sources where location information was either missing or questionable.

In summary, TRIS fugitive emissions estimates frequently were incorporated into
the database, while TRIS process emissions usually were not (see discussion below on
database finalization). Generally, information directly from facilities is preferable to
indirect emission estimate techniques such as emission factors; in this case however, direct
facility contacts were performed as a part of much of the NAPAP inventory. Quality
assurance on TRIS process emissions in most cases is unknown at best. Fugitive emissions
of solvents, which are frequently tied to solvent purchases, should be less subject to
estimation errors, and in any event, are usually not covered in NAPAP.

Database Finalization -Based on the data sources and discussed above, the point
source database combined information using the following priority:

1) NAPAP/PCF facilities;

2) NESHAP: facilities;

3)  TRIS facilities (fugitive); and
4) TRIS facilities (process).

This prioritization scheme was used to exclude data of lower priority; only facilities which
were not represented in a higher priority scheme were added at each level in order to
minimize the potential for double counting. TRIS fugitive data was generally utilized
whereas TRIS process estimates were only used when other facility data was not available.
(The only exception was that TRIS process data was used when NESHAPs estimates were
not based on site-specific data.) The database was then reviewed again to eliminate any
duplicate records. In addition, several specific pollutants were reviewed when emissions
seemed unreasonable, or if gaps were found in the database.
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DISPERSION MODELING APPROACH
Choice of Model to be Used

Once the inventory was prepared, modeling of both area and point sources could
proceed. Choosing a model for this analysis required consideration of a number of factors,
including:

. the type of sources

. terrain ,

. extent of the study area

. the kinds of analysis (dispersion, deposition, etc.) needed

In addition, working with a single model was desirable in order to expedite the analysis.

The emissions database described above inclgdes’£ wide variety of sources. Terrain
is relatively flat, and the source-receptor distance is generally less than S0 kilometers. As
indicated previously, both dispersion and deposition analysis were needed. For all of these
reasons, the Industrial Source Complex-Long Term (ISCLT) Model was used for this
analysis.

ISCLT is an EPA-recommended Gaussian dispersion model. It is appropriate for
source-receptor distances up to 50 kilometers and can handle both point and area sources.
It provides a significant advantage over other models (such as CDM) in that it provides
cstimates of settling and dry deposition, as well as dispersion. EPA’; Guideline on Air
Quality Models (USEPA/OAQPS, 1986a) recommends the use of ISCLT in combined rural
and urban areas with "complicated sources,” including such factors as "particle deposition,
...area sources,” etc., "with averaging times of a month or more." Because this study is
oriented towards long-term deposition model estimates, and carcinogenic risk from lifetime
exposures, a long-term model is clearly appropriate.
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Point Source Modeling - As explained above. the source decks were prepared on the
pbasis of the ISCLT input requirements (USEPA/OAQPS, 1986b). For point sources, a
total of 246 facilities were modeled. A significant problem with the point source deck was
that many facilities lacked either stack parameters or locations. For missing stack data, one
of three methods was utilized. If standard reference data for specific SCCs was available, it
was used. Otherwise average parameters for the same SCC in the Transboundary deck, or
average parameters for similar sources (such as all combustion sources) in the
Transboundary deck were used. Stamis:pacasgeters wie 1ot “veraged 1ot iHdlvitk
&agjlities. Missing locations were added ﬁrst through cross referencing with the TRIS
database to get latitude and longitude, which was then converted to UTM coordinates.
Other locations were found by using industrial directories, or by direct phone calls, and
some were determined by using city locations in conjunction with USGS maps.

Meteorological data was taken from Detroit Metropolitan Airport, which is a
primary STAR station (Station No. 94847). The years 1982-1986 were utilized for this
analysis. Over 50 percent of the time during these years, wind direction varied from south
to west-northwest. Data had been preprocessed for use in ISC.

Table 3-1 provides a summary of the inputs used in this analysis. The choices of
inputs is typical for an urban area in a regionwide analysis. Microscale effects, such as
stack-tip downwash, were not evaluated. Urban option "4" was chosen, which makes no
adjustment to stability category information in the meteorological data set used, and
atilizes the urban Briggs dispersion curves (USEPA/OAQPS, 1986b). For the estirnation
of ambient concentrations through these runs, the deposition rate was assumed to be zero.

Receptors were set up at the centroids of each of the 384 grid cells. Elevations of
these receptors were determined by using USGS quadrangle maps. Because there was a
concentration of point sources in the Port Huron/Sarnia area, six grid cells (327, 328, 329,

343, 344, and 345; see Figure 2-2) were quartered to give a total of 18 extra receptors for
the point source runs.
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TABLE 3-1

ISCLT MODEL OPTIONS AND VALUES
FOR MODELING ANALYSIS

Calculate (Concentration = 1, Deposition = 2) ISW (1) =1
Receptor Grid System (Rectangular = 1, Polar = 2) ISW (2) =1
Discrete Receptor System (Rectangular = 1, Polar = 2) ISW (3) =1
Terrain Elevations Are Read (Yes = 1, No = 0) ISW (4) = 1
Input/Output Tape Option (Yes = >3, No = 0) ISW %5) =0
List All Input Data (No = 0, Yes 3) ISW (6) =3

List concentrations (or total deposition) for the following:

Seasonal(1), Annual(2), Both(3) ISW 7; =2
Sources (individual = 1, combined = 2, both = 3) ISW (8) =3
Rural-Urban Option (Urban = 1, 2, 4, Rural = 3) ISW (9) = 4
Calculate Maximum 10 Concentrations 4
(No =0, Yes = 2) ISW (10) = 2
Print Maximum 10 Concentrations (No = 0,
Source Contribution = 2) ISW (11) =2
User-Specified 10 Receptors (Yes = 1, No = 0) ISW(12) =0
Output to Printer (Yes = 0, No => 0) ISW(13) =0
Tape Input (Unit 2 = 0, No => 0) ISW(14) = 0
Output to Unit 3 (Yes = 0, No => 0) ISW(15) =0
Print the following types of tables:

Each table on new page (Yes = 0, No = 1) ISW(16) = 0

57 lines per page (Yes = 0, No => 0) ISW (17) = 80

Met. data format (6F 10.0 = 0, No = 1) ISW (18) = 1
Program Calculates Final Plume Rise Only (Yes = 0, No = 1) ISW(19) = 1
Stack-tip Downwash (Yes = 0, No = 1) ISW(20) =1
Buoyancy induced dispersion (Yes = 0, No = 1) ISW(21) = 0
Re%-ulatory default mode (Yes = 0, No = 1) ISW (22) = 0
Pollutant being modeled (SO2 = 0, Others = 1) ISW (23) = 1
Input debug option (Yes = 0, No = 1) ISW(24) =0or1
Program reads receptor heights above ground (No=0, yes=1) ISW(25) =0
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Once the modeling inputs were finalized, ISCLT was run at a "unit" emission rate.
Such a "normalized” modeling approach was utilized in order to reduce the number of
modeling runs. Once the modeling for a unit emission rate was accomplished for 246
sources, programs were written to produce cross calculation of source strengths and unit
modeling results. Individual source contributions were then added pollutant-by-pollutant,
receptor-by-receptor, in order to produce ambient concentrations of each pollutant at each
receptor contributed by point sources.

Area Source Modeling=The ISCLT area source inputs are similar to those used in
the point source modeling. Meteorological data and model options were the same. Source
strength for individual pollutants were determined simply by dividing emission rates by the
grid cell size. Receptors were again set up at the center of the grid cells, though no extra
receptors were modeled in the Port Huron/Sarnia area. Area source contributions to
ambient concentrations were again determined by multiplying unit modeling results (this
time for area sources) by source strengths by pollutant and adding contributions pollutant-
by-pollutant, receptor-by-receptor. -

Determination of Total Ambient Concentrations by Pollutant— A risk assessment
needs population, a measure of the degree of risk a particular pollutant poses (a unit risk
factor), and a concentration of that pollutant. Ambient concentrations are based on the
combination of the point source contribution, the area source contribution, and the
background concentration which is determined and assumed. The procedurcs for
determining the pomt and area source contributions are provided above. SR
sonspmarniions s HNGW fany greds eGistdé the study areg were assumed: bczexy with
two exceptions, both of which were documented in the Southeast Chlcago air toxics report
(Summerhays, 1989). Fommpaidebyde; which-is:gerierated by photochemeai reactionsywas
Whkmcd to heve a-backpround Cofderitiation of 223-ug Y. steashiaride, which
Lis weryowabte 4 1€ aliiosphers; was assummied to have a baekg?euad econcentration of 0.76°

M@.'

RISK ASSESSMENT METHODOLOGY

The discussion above presents the methodologies used for estimating air toxics
emissions and performing dispersion modeling. The discussion below presents both an
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overview of risk assessment techniques and also the methodologies for risk assessment used
in this smdy.

An Overview of Risk Assessment Techniques

The National Academy of Sciences defines four steps of risk assessments: hazard
identification, exposure assessment, evaluation of dose-response relationships for the
pollutants in the study, and estimation and characterization of risk. Hazard identification
invoives identifying an exposure scenario, €.g., inhalation of air contaminants, which may
be causing adverse health effects. Exposure assessment involves evaluating the ambient
concentrations of the pollutants to which the public is exposed. The principal method in
this study for assessing exposure is to estimate emissions and then estimate atmospheric
diépersion of these emissions, resulting in ambient concentration predictions which can be
paired with population data for specific receptor sites. The evaluation of dose-response
relationships involves the estimation of cancer risk factors, representing the cancer risk
estimated to result from breathing a unit concentration (e.g., one millionth of a gram per
cubic meter of air). Finally, estimation and characterization of risk involves compiling and
analyzing all this information in a way that provides useful statements about risk.

It is instructive to compare the methods of risk assessment to the methods of
epidemiological studies of cancer statistics. Epidemiological studies provide a more direct
means of considering the impact of environmental contaminants on cancer rates.
Unfortunately, due to the difficulties of distinguishing environmental factors from other
factors, such studies are often inconclusive. Further, such studies generally do not even
atempt to consider the separate influences of the various sources of the various
environmental contaminants. While epidemiological studies may of course be used as a
useful part of some risk assessments, a regional air inhalation risk assessment thus has
different purposes than the purposes of most epidemiological studies. Epidemiological
studies, if conclusive, can provide a better evaluation of the correlation between air
pollution and cancer statistics. However, risk assessments, especially regional risk
assessments, provide a more detailed data base on the potential relative significance of
different source types and different pollutants. Further, due to the long periods of
exposure that are considered to be involved in cancer induction, current cancer statistics

probably reflect exposures over the last several decades. In contrast, studies using standard
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USEPA methods of risk assessment can associate risk with current air pollutant
concentrations. Furthermore, given the mobility of population in the United States, cancer
statistics reflect exposure in multiple areas where members of the studied population have
lived. In contrast, risk assessments focus specifically on estimated impacts of exposure to
pollutant concentrations.

As discussed previously in this chapter, risk assessments need estimates of
concentrations of pollutants, the population exposed, and unit risk factors to determine
carcinogenic risk to a population. The dispersion modeling section discussed above
presents the methodologies for estimating ambient concentrations of different pollutants.
The population used in this risk assessment is the same as that described and apportioned
in the land use allocation procedures subsection in the "Emissions Estimate" section above.
It was assumed that the population of the grid cell was exposed to the ambient
concentration predicted at the receptor located at the centroid of the grid cell. The
remaining element, carcinogenic risk factors, are discussed below; both background of how
unit risk factors are developed and used in typical EPA risk assessments, and the specific
unit risk factors used in this study are presented. -

Cancer Risk Factors

Background - The relationship between concentration and the increased probability
or risk of contracting cancer that exposure to each pollutant may cause. This relationship is
commonly expressed in terms of a unit factor, representing the risk estimated to result from
exposure to a unit concentration of a pollutant. For example, if a pollutant has a unit risk
factor of 1x10 per ug/m3, then lifetime exposure to 1 ug/m3 (1 millionth of a gram of the
pollutant per cubic meter of air) would be estimated to increase the probability of
contracting cancer by 1x10 or 1 chance in 10,000. The probability or risk of contracting
cancer is generally treated as linear within the range of actual exposure conditions, so that
in the example above, exposure to a concentration of 3 pg/m3 would be estimated to
increase cancer risks to 3x10~% or 3 chances in 10,000.

There is a lack of data where large numbers of people are exposed to typical
environmental concentrations, where the concentrations and the resulting number of
cancer cases are well defined for several subpopulations, and where confounding influences
from other causes of cancer can be clearly factored out. Therefore, a variety of methods,
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scientific judgements and assumptions are used to assess the relationship between ekposure
to a pollutant and the resulting risk of contracting cancer. For some pollutants, sufficient
data do exist for specifiable human exposure circumstances to estimate the exposure levels
and to evaluate the cancer risks that apparently result. The interpretation of these
statistical data is generally designed to derive a maximum likelihood estimate of the unit
risk factor (i.e., deriving a unit risk factor which the data suggest will have the greatest
likelihood of accurately representing the ratio between exposure and cancer risk for the
conditions of the study). In general, the exposures that can be studied are higher than
typical ambient concentrations, and so extrapoiation of the exposure-cancer risk
relationship must be performed. This extrapolation of the dose-response relationship down

to lower exposure levels uses conservative methods, so as to decrease the likelihood of
underestimating risks.

For a majority of pollutants, however, no human exposure situation can be
sufficiently characterized to support the derivation of a unit risk factor. Thus, while human
data is preferable, it is usually not available, and the enly data for deriving unit risk factors
for these pollutants will generally be from studies involving animals. These studies provide
statistical data which by various interpretations can yield alternative unit risk factor
estimates. The usual interpretation method is to select a 95% upper confidence level
value. This signifies that the selected unit risk factor is the value which has a 95%
likelihood of not understating the true risk factor indicated by the data. It should be noted
that this discussion refers 6nly to the conservatism inherent in the statistical interpretation
of cancer data, which is not the only element of conservatism in the unit risk factor. As
with the maximum likelihood estimate, a downward extrapolation from studied exposures
tc ambient expoeres is necessary, and this extrapolation is done in a way that adds
conservatism. (For animal studies, practical considerations generally require studied
exposures to be higher than ambient exposures. For example, a study involving 100
animals cannot provide a meaningful result if the risk is 1 in 1,000,000.) The extrapolation
of the unit risk factor applicable to typical ambient concentrations involves best scientific
judgement of a plausible yet conservative extrapolation. With animal studies, an additional
adjustment is made from animal carcinogenicity to human carcinogenicity based on
differences in body weight and breathing rate, 2gain involving best scientific judgement of a
plausible yet conservative extrapolation. Thus, the methods of extrapolating unit risk
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factors add some conservatism to the conservatism inherent. in the use of a 95% upper
confidence limit.

The relationship between pollutant concentration and cancer risk is a function of
both the quantity of pollutant inhaled and the body’s reaction to the inhaled quantity. Unit
risk factors are designed to estimate the cancer risk resulting from inhaling a unit
concentration for 24 hours a day for a 70 year lifetime. Similarly, cancer risks in this study
are estimated by assuming that Transboundary area residénts are exposed to the estimated
concentrations for 24 hours per day for a 70 year lifetime. Clearly, these residents spend
some time outside the study area and spend some time indoors, but the absence of
knowledge of pollutant concentrations in these other environments makes it impossible to
make upward or downward adjustments according to these other exposures.

In addition to variability in carcinogenic strength, there is also variability in how
much evidence exists to indicate more fundamentally whether individual pollutants are in
fact carcinogenic. Therefore, USEPA has established a classification system describing the
weight of experimental evidence that a pollutant is carcinogenic. The classifications used
by USEPA are: A - human carcinogen; B - probable human carcinogen; C - possible human
carcinogen; D - not classifiable as to human carcinogenicity; and E - evidence of
noncarcinogenicity in humans. These ratings reflect the following types of evidence: A -
"sufficient” human data show carcinogenicity; B - is subdivided into B1 and B2, in which
either "limited” human data or "sufficient" animal data show carcinogenicity; C - human
data are inadequate or nonexistent but limited animal data show carcinogenicity; D - data
to assess carcinogenicity are inadequate or nonexistent; and E - well designed studies
suggest that the pollutant is noncarcinogenic. More detailed definitions of these
classifications can be found in USEPA's Risk Assessment Guidelines of 1986. For clarity,
references to group A pollutants in this report will use the term "known human
carcinogen.”

The classifications in the weight of evidence approach are intended to indicate the
strength of the evidence of carcinogenicity independently of any evaluation of carcinogenic
strength. For some pollutants, a greater weight of evidence of carcinogenicity also signifies
a better data base from which to estimate unit risk factors, but this is not the case for all
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pollutants. As yet, no equivalent system has been developed to address the accuracy of the
unit risk factors.

Unit Risk Factors Used in This Study - This study found and quantified emissions
for numerous presumed carcinogens (see Chapter 4). Table 3-2 provides the riames of
these pollutants, the weight of evidence classification, the unit risk factor used in this study,
and whether this risk factor is calculated as a 95% upper confidence level (UCL), a
maximum likelihood estimate value (MLE), or a best estimate (BE). This table also shows
which USEPA office developed the unit risk factor. In this table, IRIS (Integrated Risk
Information System) signifies risk factors that have received agency-wide review. Other
values have not received agency-wide review but have been developed by the Office of
Health and Environmental Assessment in the Office of Research and Development
(designated OHEA), by the Office of Air Quality Planning and Standards (designated
OAQPS), or by the Office of Solid Waste (designated OSW).

-

Several of the pollutants in Table 3-2 represéﬁ mixtures of compounds. One such
mixture is designated in Table 3-2 as "Benzo(a)pyrene (POM)." Benzo(a) pyrene(B(a)P)
is the most studied member of the class of compounds known as polycyclic organic matter
(POM). This study inventoried emissions and estimated concentrations of the full class of
POM compounds as well as B(a)P individually. A common approach is to estimate risk by
multiplying the POM concentrations times the benzo(a)pyrene unit risk factor. While
some POM compounds are probably more carcinogenic and other POM compounds are
less carcinogenic, this approach in effect assumes that the average cancer potency of the

- full range of POM compounds equals the cancer potency of benzo(a)pyrene. This

approach has been used in this study.

Another mixture shown in Table 3-2 is coke oven emissions. For this mixture, a unit
risk factor for the full mixture has been developed (based on epidemiological analysis of
occupational exposure data). This mixture - includes substantial quantities of other
pollutants in this study, including polycyclic organic matter and benzene. However, no
effort was made to assess emissions or risk from these coke oven gas constituents
individually. Instead, the emissions estimates, the unit risk factor, and the risk estimates for
coke oven emissions are designed to address the emissions, toxicity, and risk of the full
mixture emitted from coke batteries.
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TABLE 3-2

SUMMARY OF UNIT RISK FACTORS

Pollutant Weight of Evidence  Inhalation = Type of Risk  Source of Pollutant ID
Rating actor Data
Acrylonitrile Bl 0.000068 UCL IRIS 43704
Arsenic A 0.0043 MLE IRIS 32103
Asbestos A 0.0076 BE IRIS 32801
Beryllium B2 0.0024 UCL IRIS 32105
Benzene A 0.0000083 MLE IRIS 45201
Benzo(a)pyrene(POM) B2 0.0017 UCL OAQPS - 46719
1.3 Butadiene B2 0.00028 UCL IRIS 43218
Carbon Tetrachloride B2 0.000015 _UCL IRIS 43804
Cadmium Bl 0.0018 MLE IRIS 32110
Chlordane - 0.00037 - IRIS 51104
Chloroform B2 0.000023 UCL IRIS 43803
Chromium A 0.012 MLE IRIS 32112
Coke Oven Emissions A 0.00062 UCL IRIS 4COKE'™"
Dioxins B2 33. UCL OHEA 4DIOX™
Epichlorohydrin B2 0.0000012 UCL IRIS 43863
Ethylene Dibromide B2 0.00022 UCL IRIS 43837
Ethvlene Oxide Bl 0.0001 UCL OHEA 43601
Formaldehyde B1 0.700013 UCL IRIS 43502
Gasoline Vapors B2 0.00000066 UCL OAQPS 98GAS™
Heptachlor - 0.0015 - IRIS 51109
Methyl Chloride C 0.0000018 UCL OHEA 43801
Methyl Chloride B2 0.00000047 UCL OHEA 43802
PCBS B2 0.0012 UCL OSW 4PCBS’”
Perchlorethylene B2 0.00000095 UCL OHEA 43817
POM . 0.0017 ) OAQPS 98POM"*
:,;\ssumcd to be identical to B(a)P.
Special code adopted for this study.
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_ ' TABLE 3-2 (CONT’D)
SUMMARY OF UNIT RISK FACTORS

Pollutant Weight of Evidence  Inhalation  Type of Risk  Source of Pollutant ID

-~ Rating Factor Data
Styrene B2 0.00000057 UCL OHEA 45220
Trichloroethylene B2 0.0000017 UCL OHEA 43824
Vinyl Chloride A 0.000084 UCL OHEA 43860
KEY
WEIGHT OF EVIDENCE:

A- Known human carcinogen
B- Probable human carcinogen
B1- Based on "limited" human data
- B2- Based on "sufficient" animal studies
C- Possible human carcinogen

- TYPE OF RISK FACTOR:

UCL-95% upper confidence limit
- MLE-maximum likelihood estimate
BE-best estimate

SOURCE OF DATA:

IRIS-Integrated Risk Information System
OAQPS-Office of Air Quality Planning and Standards
OHEA-Office of Health and Environmental Assessm.ent
OSW-Office of Solid Waste

Region V-Region V Air and Radiation Division

NOTE - Though IRIS provides a unit risk factor for nickel, this fuctor is for a form of nickel not emittec
- in the United States (Blakley, 1990).
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A third mixture shown in Table 3-2 is dioxin. In this study "dioxin" represents a class
of 75 chlorinated dibenzo-dioxins and 135 chlorinated dibenzo-furans. The unit risk factor
shown in Table 3-2 is for 2,3,7,8 - tetrachloro-dibenzo-dioxin (2,3,7,8 - TCDD). the best
studied dioxin. Other dioxins were inventoried on the basis of toxic equivalents, i.e., what
mass of 2,3,7,8 - TCDD would have equivalent toxicity to the given mass of identified
dioxin. For example, 10 grams of 2,3,7,8 - tetrachloro-dibenzo-furan, having an estimated
toxicity equivalence factor of 0.1, would be inventoried as if it were 1 gram of 2,3,7,8 -
TCDD.

Two other mixtures shown in Table 3-2 are gasoline vapors and polychlorinated
biphenyls (PCBs). The unit risk factor for gasoline vapors was derived from a study of the
full mixture, though it does not include the impact of gasoline’s benzene component. The
unit risk factor for PCBs was derived for a representative compound of this set of
compounds. Finally, it should be noted that "hexachlorobenzene" emissions in some cases
included emissions of other chlorinated benzene compounds, a mixture which was
conservatively treated as having the carcinogenicity of-hé:xachlorobenzene.

Chromium also warrants special comment. For chromium, the unit risk factor is
only for the hexavalent (+6) form of chromium. Emissions were originally calculated for
total chromium. Hexavalent proportion factors were then multiplied by the resulting total
chromium emission estimate to match with the unit risk factor.

The above discussion addresses the calculation of risks from individual pollutants.
This study also seeks to estimate the combined impact of all the pollutants included in this
study. The methodology recommended in the "Chemical Mixtures Risk Assessment
Guidelines” (part of USEPA’s Risk Assessment Guidelines of 1986) is to estimate total
risks as a linear sum of the individual pollutant risks, in the absence of information
suggesting otherwise. It is possible that exposure to some combinations of pollutants may
cause a greater risk (synergism) or a lesser risk (antagonism) than the sum of the risks
resulting from exposure to the substances individually. However, there are no clear means
of quantifying any synergistic or antagonistic effects from exposure to the complex and
variable mixtures in the Transboundary area atmosphere, if in fact such effects are
occurring. Therefore, the method for éombim’ng risks used in this study was to sum the
risks estimated for individual pollutants.
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The unit risk factors used in this study reflect the best judgements of USEPA
scientists in evaluating available evidence both as to the interpretation of specific studies
and as to the procedures that most reliably extrapolate unit risk factors from these studies.
Nevertheless, the uncertainties in the unit risk factors are probably the greatest
uncertainties in this study. These uncertainties arise from the significant extrapolations
such as from high concentrations to lower concentrations and from rats or mice to humans
that are necessary to estimate the risk factors.

The Risk Assessment Guidelines of 1986 discuss the significant assumptions and
therefore the significant uncertainties that are necessary in developing unit risk factors. In
summary, these assumptions and uncertainties are as follows: (1) Exposure to any amount .
of the substance, no matter how small, is assumed to represent an increased probability of
cancer. There is uncertainty that cancer impacts may occur only above some pollutant-
specific threshold concentration; (2) For risk factors based on animal studies, the
development of cancer in humans is analogous to the development of cancer in the
animals. There is uncertainty that the biological p[occ’s;/s of cancer formation is the same
process in humans as in animals. For this and other reasons, there is also uncertainty in the
quantitative extrapolation of the relationship between cancer risks and exposure for
humans from the relationship for animals; (3) Information on the carcinogenicity of
substances at "high” concentrations can be used to predict the effects at "low"
concentrations; and (4) The increased probability of cancer incidence is proportional to the
concentration of the substance at low concentrations.
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CHAPTER 4
RISK ASSESSMENT

Chapter 3 described the methodologies utilized in this study. This chapter presents
the study results, as well as a discussion of how the results should be interpreted.

EMISSIONS

Summag

Table 4-1 provides a summary of the emission inventory results of this study.

. SRR Ranmdane Lo s rossb sl A b e 5T AR stidise® No emission

releases were identified for the other 15 pollutants (acrylamide, di-n-octyl phthalate, ethyl

acrylate, hexachlorobenzene, hexachlorobutadiene, hexachloroethane, melamine,

octochlorostyrene, vinylidene chloride, aldrin, heptachlor epoxide, methyl chloride,

dibenz(a,h) anthracene, methyl-benzanthracenes, and hydrogen sulfide). It should be
stressed that chromium emissions reported here include gnly hexavalent chromium.

Emission totals for each of the 42 pollutants in Table 4-1 are allocated to six major
source groupings, as follows:

Motor Vehicle Manufacturing — All facilities directly involved with motor vehicle
assembly operations, especially manufacturing of vehicle bodies and parts, plus
vehicle assembly (except fuel/waste combustion sources);

Steel Mill and Coke Operations - All facilities directly involved with steel and coke
manufacturing, especially steel mills, including blast furnaces and coke ovens
(except fuel /waste combustion sources);

Mobile Sources-Highway motor vehicles (including cars, busses, and trucks)
including refueling operations at gasoline stations;
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Polliutant Name

1-3 Butadiene
Acrytonitrile
Ally! Chloride
Arsenic

Asbestos

genzene
Benzo(a)pyrene (POM)
Beryilium

Cadmium

Carbon Tetrachioride
Chlordane
Chiorcform
Chromium

Chrysene

Coke Oven Emissions
Diszinon

Dibutyl Phthalate
Dioxing
Epichlorohydrin
Ethylene Dibromide
Ethylene Dichloride
Ethylene Oxide
Fluorsnthene
formaidehyde
Fursns

Gasoline Vapors
Guthion

Heptachtor

Lead

Mercury

Methyl -Chrysene
Methylene Chloride
Nickel

PCss

PO

Parathion
Perchlorethylene
Phenanthrene
Selenium

Styrene
Trichloroethytene
Virmyl Chleride

TABLE 4-1

SUMMARY OF EMISSIONS FROM POINT,
AREA AND MOBILE SOURCES (tons/year)

Steel Mitl
Motor ond Coke Mobile
Vehicle Operations Sources
Marufact. (non-Motor
Vehicle)
21.7600 23.9880 1782.3188
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
2.7220 1.1960 0.0000
0.0000 . 0.0000 11.3005
35.5340 2075.7050 3708.2831
0.0000 0.0000 £.5194
0.5820 0.7310 0.0000
0.8430 1.1000 0.0000
1.2750 0.0000 0.0000
0.0000 0.0000 0.0000 —
1.6530 0.0000 0.0000
0.8260 0.0430 0.0000
0.0000 0.0000 0.155¢9
0.0000 752.6970 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
2.5250 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 1.2737
10.3420 23.3530 1155.0482
* 0.0000 0.0000 0.0000
0.0000 0.0000 69165.6903
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
$.6730 20.2290 -88.5033
0.1250 0.0990 0.0000
0.0000 0.0000 0.0000
$4.9190 0.9000 0.0000
6.5860 6.6510 0.0073
0.0420 0.0000 0.0000
0.2740 0.0910 $0.1102
0.0000 0.0000 0.0000
48.95%0 0.0000 0.0000
0.0000 0.0000 0.0000
0.317 0.4090 0.0000
0.7300 0.0000 3.4432
312.15%0 2.1500 0.0000
0.0000 0.0000 0.0000
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Utilities

end Other
Other Fuel  Industrial
Combus t ion Sources

10.6830 1373.797%
2.0000 0.0000
0.0000 0.9730
6.4691 2.8759
0.0000 0.0010

822.0570 803.277%9
2.8890 0.0000

11.3260 0.2340
3.6830 1.1513

-7 3.1680 15.5972
0.0000 0.0000
4.1160 2.3399
0.7566 2.6007
6.4378 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.779
0.0030 0.0000
0.0000 0.0000
0.0000 6.0000
0.0000 131.0208
0.0000 3.9000
9.3846 0.0000

602.5404 148.5272
0.0030 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000

149.7380 4.3371
3.6561 0.0084
3.6152 0.0000
9.8250 17.4806

£8.6127 2.519%
0.1010 0.1250
78.0112 0.0000
0.0000 0.0000
$.4190 0.5130
20,4742 0.0000
3.79¢3 0.5486
3.29%0 1210.4033
7.1920 63.9340
0.0000 83.46477

Other Ares
Sources

»~
v

BEdBEERbEREEIEREEE

¥ L)

g.

ool
(¥)
g§85

0.0000
187.3932
0.0000
0.0000
3.6393
0.1027
0.0000
0.0000
0.0000
208.5408
0.0000
0.0000
0.0000
0.4753
3028.6457
0.0000
0.0000
18.9664
1072.7118
0.0000

Totat

Emisgic
from =
Sources
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0.
13.
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7.¢
12.¢
6.!
20.(
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0.t
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Utilities and Other Fuel Combustion-Coal, oil, and gas combustion 'sources.
including utilities, industrial facilities, commercial and institutional facilities, and
residential buildings, plus all waste incineration sources (including municipal waste.
sewage sludge, etc.);

Other_Industrial Sources-All other point sources, including refineries, chemical
manufacturing, and documented solvent use at industrial facilities including

degreasing; and

Other Area Sources — All other residential, agricultural, and small industrial sources,
including architectural coatings, consumer solvents, pesticide use and residual

pesticide loss from agricultural land, and solvent use from small businesses.

Based on the results shown in Table 4-1, several conclusions can be reached. iggp.

e BT OTaNES 2 WWWW For example, many.oh
L% it ; combustian.sensees due mainly to trace contaminants
in the fuel. Snmnd WWMW of the mass of toxic
emissions, including significant portions of benzene, butadiene, benzo(a)pyrene,
formaldehyde, lead, and polycyclic organic matter (POM). Gasoline vapor emissions are
attributed completely to mobile sources (as a result of vehicle refueling). Third, the main
pollutants for motor vehicle manufacturing (the leading industry in the region) appear to
be primarily degreasing solvents, and a few other organics. Mh " oalugimei el
including dry cleaners, small businesses, and residences W8t “gabsidntially to e
svarsikentission of ehlSitiated solvéfitd, including methylene chloride, perchloroethylene,
and tnchloroethylenc Finally, the primary pollutants from steel and coke operations were
coke oven emissions and benzene.

When reviewing the table, it is important to understand the interrelationships
between some of the pollutants. First, B(a)P and the other polynuclear aromatic
hydrocarbons (chrysene, fluoranthene, methyl chrysene, and phenanthrene) were
calculated as a portion of total POM emissions; as a result these categories are not
mutually exclusive. Second, benzene is a part of gasoline vapors, but because unit risk
factors were available for both benzene and gasoline vapors as individual substances, the
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benzene component was considered separately, and reported as a part of total benzene
emissions. Finally, coke oven emissions were reported separately; the POM component
was not reported, even though POM is a primary constituent.

Discussion

Data Inputs-In any study of this type it is desirable to obtain and use data for the
same year or time frame so the analysis is internally consistent. For this study, the goal was
tn perform the analysis consistent with condmons for the mid- 19805, with S98PNEIHE
Sagte SR, In any event, AUNENUSIIHORHE 100 onaler : SR R
Most of the point source data, because it came from the 1985 NAPAP effort, is valid for
1985. The main exception was the TRIS data, which (because it resulted from the first year
of reporting under Section 313 of the Superfund Amendments and Reauthorization Act
(SARA) of 1986) was based on calendar year 1987. In addition, the Detroit incinerator was
built after 1985, but was included because of the possibility that its emissions could be
significant. Emission estimates for this source were based on a stack test. Additional

control requirements have been developed for the inicinerator which will be implemented
in the future.

Data for mobile sources is mixed. Emission factors were generated for the year
1987, but traffic estimates were for the year 1988 As a result, emission factors may be
somewhat low because .

; i i "%i" on the other hand
Wm (total VMT by gnd cell) , tasger than thesefor 4985, As a
rasult, the net effect of these two factors versus a 1985 estimate is probably not 51gmﬁcam

For area sources emission calculations, two of the benefits of using the 1985
NAPAP/NEDS emission totals as a starting point were that data on both sides of the
United States/Canadian border were generated consistently, and that the data generated
was for the same base year (1985). However, as mentioned in Chapter 3, population data
for Michigan was based on 1980, while population for Ontario was based on 1985.

Calculational Approaches-The approach for generating emission estimates for
large numbers of potential sources proved very effective. Given the background
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documentation for the PCFs (USEPA/OAQPS, 1988a and b), it also provides the
opportunity for analysts and users of the data to evaluate the basis of estimates for
particular sources.

A quick review of this list shows that the TRIS database was a useful adjunct to the
other databases reviewed. There were a number of facilities which were not covered
through the other database checks, but nevertheless did report fugitive emissions under
SARA 313. Similarly, USEPA’s NESHAPs database identified several facilities which
were otherwise not included in other databases. This success seems to confirm the basic
strategy of using multiple databases to maximize the probability of establishing a
comprehensive inventory.

Interpretation of Results - As mentioned above, out of the 57 study pollutants, the
database has emission estimates for 42 In some instances (e.g. benzene,

perchloroethylene, and trichloroethylene), there are numerous entries in the point source
database; in others, there are only a few entries at-tfiost. This is not a surprising result.
The data available to support the PCFs used in this study is extensive but some of the
substances on the list of 57 pollutants are specialized chemicals which are generated or
used in limited situations. Some of the pollutant totals of zero simply reflect emissions of
near zero. The lowest emission total that may be reflected in the database is 0.0005 tons
per year (rounded to 0.001 tons per year) or one pound per year. It should be noted that
even if emissions of pollutants within the study area are at or near zero, atmospheric
deposition source contributions from outside the study area may be significant.

It is worth noting that a number of the pollutants on the original list were not
included in the final point source emission estimates, particularly a number on the list of
"organic/chemical production and reactions" pollutants. There may indeed be emissions
(probably minimal) of such compounds. In a diverse industrialized area such as the 10-
county study area, it would not be surprising that a given industrial facility would be using a
particular compound, producing it as a final product, or creating it as an incidental by-
product of another process!. However, the use of a combination of databases, as well as

1l'-'or example, in the State of New Jersey, which maintains a raw material database in addition to a process
(SCC) database, usage of certain organics was documented even though the process database was
somewhat incomplete (Carhart, Cornman, Koucky, and Opperman, 1988).

4-5
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the involvement of Federal, state, provincial, and local state agency representatives as a
part of the quality assurance activities undertaken in this project, should minimize the
possibility that any important point source has been omitted.

A significant portion of the pollutant list was focused on substances included in the
International Joint Commission’s (IJC’s) "critical pollutant list." The IJC has identified 11
pollutants as having adverse impacts on the Great Lakes as a result of potential point
source emissions. These pollutants are as follows:

Mercu

Alkylated Lead

Total Polychlorinated Biphenyls
Hexachlorobenzene

Benzo-a-pyrene
2,3,7,8-tetrachlorodibenzo-p-dioxin
2,3,7,8-tetrachlorodibenzofuran

Mirex*

Toxaphene®
DDT* -
Dieldrin*

Seven of the above compounds were inventoried for the study while the remaining four

compounds (*) were not included due to either discontinued production or limited usage
within the United States,

It should be noted that alkylated lead emissions were included in the inventory as
lead in proportion to the lead content of the emissions. However, alkylated lead emissions
as such can be expected to be concentrated in the mobile source category. On the basis of
relative atomic and molecular weights, alkylated lead emissions amount to approximately
56 percent greater than mobile source lead emissions, or a total of roughly 138 tons/year.

Mercury in this inventory is primarily a result of fuel combustion, including waste
incineration. Incinerators, including the Detroit waste incinerator, contribute slightly more
than a ton of total of four tons, while point source coal and oil-fired boilers (including
utilities) contribute about two tons.

AP/PASAT/FBCYT2ARPT
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Benzo(a) pyrene (B(a)P) is also primarily the result of fuel combustion, with a
majority coming from mobile sources. Emissions of B(a)P, like the emissions of other
individual polynuclear aromatic hydrocarbons (PAH) included in this inventory (chrysene,
fluoranthene, methyl chrysene, and phenanthrene) were determined by proportions of
POM emissions. For the other PAH, emissions were primarily or exclusively associated
with stationary source fuel combustion. However, this result may be only a consequence of
the lack of available data on mobile source emissions of these specific PAHs.

The specific dioxin and furan compounds in the LJC list were included in emission
estimates of total dioxins and furans. No sources of these sources were found (i.e., above
0.0005 tons/year), with the exception the Detroit waste incinerator. Emission estimates for -
this source were six pounds of dioxins per year and six pounds of furans per year (based on
a stack test), but as indicated above, proposed changes at the facility may reduce the
emissions of both pollutants.

e
4

Roughly a quarter of a ton per year (slightly 'oicr 500 pounds) of PCBs were found
in this study. About half of this total was due to one source in the TRIS database, and the
others were due to documented waste oil use; this data was provided by the Wayne County
Air Pollution Control Division. As with dioxins and furans, these estimates were made
after a thorough review of both national and local databases,

No emissions of hexachlorobenzene (the remaining IJC critical pollutant included)
were determined as a result of the calculations in this study. Hexachlorobenzene is emitted
as a by-product in the production of a variety of chlorinated organic compounds and as a
contaminant in pesticides (Howard, 1989). However, no specific industrial sources of this
pollutant were confirmed, and there was no reliable, available information on
hexachlorobenzene pesticide contamination.

Most of the other pollutants for which no emissions were determined are specialty
chemicals, by-products of chemical processes, pesticides and pesticide derivatives, and
specific polynuclear aromatic hydrocarbons. As with hexachlorobutadiene, it appears that
there are no facilities in the area with the sorts of processes to produce emissions of these
pollutants. However, in some cases, the PCF and other databases and references may not
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have provided enough detail to allow a calculation. In any event, it should be stressed that
emission totals of individual pollutants were reported as zero when emissions of individual
sources were less than one pound per year.

RISK ASSESSMENT RESULTS

Symmary

Table 4-2 provides a summary of the incidences of additional cancer cases predicted
by this study allocated to the responsible pollutant. Again,

SpSipgy, based on the concentrations at the centroids of the grid cells and thc populauon
allocated to those cells.

Di .

Data Input-Chapter 3 included a discussion -of the methodologies used in
developing data for exposed populations and unit ri¢k factors two primary parameters for
any risk assessment. The population data used should be a fair representation of the
population exposed, subject to the limitations of the standard risk assessment assumptions
used, particularly the assumption that there is no population movement during 70 years. It
is worth noting that preliminary reported results of the 1990 United States census indicate
decreased population in the City of Detroit, which is a large part of the core area. If this
trend is confirmed, and if a similar investigation to this study for 1990 were performed, it is
likely that the results would show that the relative distribution of risks would be changed,
and the total incidences in the core area would be lower.

Calculational Techniques - As a result of the approach used in this study, an area of
highest incidence receptor has been predicted for both the Michigan side and the Ontario
side (see below in the subsection on "Interpretation of Results"). The fact that these two
areas were predicted as the locations of the greatest cancer incidence does not mean that
these precise points are the absolute locations of the highest risks. There are a number of
reasons for this caveat, including the model inputs and the choice of model. In addition to
the uncertainties in the emission data, the simplifications in the point source stack data
introduce a source of uncertainty. With respect to the choice of model, the use of ISCLT
for area sources may provide lower concentration estimates than other models; a recent
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TABLE 4-2

SUMMARY OF ESTIMATED EXCESS
CANCER CASES BY POLLUTANT
ACROSS THE STUDY AREA

Substance Total
Formaldehyde 134.7
Coke oven emissions 61.0
1,3 butadiene 56.5
Carbon tetrachloride 52.1
Chromium 13.5
POM _ 123
Dioxins ‘ 12.0
Arsenic ) 74
Beryllium 5.8
Asbestos 5.7
Benzene 5.0
Gasoline vapors 3.0
Cadmium 14
Benzo(a)pyrene 0.7
Ethylene dibromide 0.6
Vinyl chloride - 0.4
Trichloroethylene 0.3
Perchloroethylene 0.2
PCBs 0.1
Styrene 0.1
All others” 01

| TOTAL 372.9

‘Ch]oroform, ethylene oxide, acrylonitrile, methylene chloride, chlordane, heptachlor, and epichlorohydrin.

AIR/FAS47/FBC9TIA.-TBL

49



model performénce evaluation study suggests that estimates of ISCLT may be less than the
estimates of the Climatological Dispersion Model (CDM) under some assumptions by a
factor of two or more at receptors roughly 1600 meters downwind. The same study
suggests that smaller grid size may increase estimated concentrations predicted at
downwind receptors (USEPA/OAQPS, 1989c¢).

Fmally, it should be pomted out that this &

uchSued into waterways or onto land, this phenomenon raises the possibility of
incorporation into plants or consumption by animals. As a result, there is a potential for
additional carcinogenic risk from air toxics emissions through such pathways as ingestion of
fish, soil, crops, surface water, animal milk, mother’s milk, and groundwater, and from
inhalation through occupational exposures. These potential impacts have not been
addressed in this study. In addition, no attempt has been made to evaluate potential
differences between indoor and outdoor exposure, or the potential impacts of indoor
releases of any of the 57 study pollutants. -

Interpretation Of Results - Areawide. As indicated previously, cancer risk at a
given location were estimated by multiplying, for each pollutant, the modeled
concentration estimate (in wg/m3) times the risk per ug/ m> of that pollutant, and then
summing for all pollutants. These risks are commonly expressed in exponential form
where, for example, 2x10” equals 2 chances in 100,000. Thus, a person residing for a
lifetime at such a location will have 2 chances in 100,000 of contracting cancer from this
exposure.

Incidence is a population-oriented measure of pollutant impact based on excess
cancer cases. By multiplying the risk in a given grid times the number of people in that
grid, one can estimate a probable number of excess cancer cases contracted as a result of
the exposure. For example, if a grid square with an estimated lifetime risk of 2x10° has a
population of 100,000, one would estimate that a lifetime of exposure would lead to 2
cancer cases. This figure is sometimes translated to an annual probability: a probability
estimate of 4 cases divided by a 70 year lifetime suggests a probability estimate of 4/70 or
0.057 cases per year or one case per 17.5 years. This calculation is done for each grid

4-10
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square; the total across all grids is then the estimated number of excess cancer cases in the
entire study area attributable to toxic air pollution.

B or approximately one in ten thousand. Figure 4-1 is a pie chart illustrating the

contributions of the various pollutants to this estimated incidence. Figure 4-2 is a pie chart

illustrating contributions of various source groupings (as indicated in Table 4-1) for the
seven highest contributing pollutants.

As reflected in both Table 4-2 and Figure 4-1, over ‘Siiiinisiitcpassicsassusassy-

emissions, SN

aromatic hydrocarbons (PAHs) expressed ai‘im anw The W
fermmidoyde. Most of the formaldehyde incidences are duendoudhe . Hackgsannd'
concenisaiiate.af wiauRaldehude due 10 photochcnucal generation, i.e., formation of
formaldehyde as a result of chemical reactions in an atmospheric mixture of reactive
hydrocarbons, nitrogen oxides, and other substances in the presence of sunlight. In most
urban ozone nonattainment areas, photochemical processes are controlled primarily by
emissions of volatile organic compounds (VOC), most of which are the result of highway
mobile sources, industrial facilities, and miscellaneous area sources.

The next largest contributions to total predicted incidences are coke oven emissions,
1-3-butadiene, and carbon tetrachloride. Incidences resulting from these pollutants are all
roughly comparable. As with formaldehyde, a mix of sources contribute to these pollutant
emissions. Coke oven emissions relate to one specific type of industrial source. 1,3-
butadiene is emitted primarily from motor vehicles, and curbem:tetrachioride: iy mainly
(though not exclusively) abackgeound poliutams; as«a result of previous global carboh

The next most important contributors are hexavalent chromium, POM, and dioxins.
The incidences predicted from these three pollutants are roughly comparable. While
chromium comes from a very diverse range of sources, almost half of hexavalent chromium
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in the Transboundary area comes from chrome plating operations. POM and dioxins come
from a variety of fuel combustion sources. The remaining incidences, about 8%, come
from 3 (oial of the 20 remaining pollutants which have unit risk factors which characterize
their carcinogenic potemial (see Table 3-2) and which were 10 determined to be emitted in
the Transboundary area (see Table 4-1).

As indicated in Figure 4-2, {here are significant contributions to every major source
grouping except residential and miscellaneous area SOurces (which contribute less than
0.1% to the total incidences)- The split among source groupin'gs is relatively even.
Nevertheless, several observations can be made. First, the four largest categories are
photochemical generation of formaldehyde. steel and coke manufacturing, background
carbon tetrachloride, and highway vehicles. Second, if photochemical formaldehyde were
evaluated in terms of its potential source contributions, the relative proportions of
contributions from source categories which are major VOC emitters (highway vehicles,
vehicle manufacturing, and other industry) would be substantially enlarged. It should be
pointed out that the direct incidence contribution of motor vehicle manufacturing facilities,
a leading industry in the region, is relatively low. Finally; 3 substantial portion of the fuel
combustion incidences are the result of dioxin, which are :n turn the result of one source,
the Detroit incinerator. '

Figures 4-3 and 44 portray the geographic location of cancer incidence and
individual risks. Total incidences ina panicular grid cell may be misleading, pecause in
this study individual grid cell size varied. Therefore, results aré presemcd in units of
incidence per square kilometer. Portraying incidences Pef square kilometer is more
<;gnificant because it eliminates cell size from affecting the results.

Even given this approach, the highest total incidences are concentrated in the core
area, where the cell size is the smallest. To2 much smaller extent, there is 3 concentrated
incidence area around the Port Huron/Sarnia area. Incidence concentrations, especially in
the core area, aré the result of the relative geographic proximity of sources and population-
Clearly, population density is a very important consideration pecause of the Qp_p_ggmmﬁ for
greater exposure. Contributions 10 total incidences in the outer partss of the study are2 are
rather low, but puild up rapidly towards peaks in the study area The differences between
the low risk and the high risk areas 2s shown in Figure 4-4, are less dramatic than the
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FIGURE 4-3

ESTIMATED EXCESS 70-YEAR INCIDENCE
PER SQUARE KILOMETER
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FIGURE 4~

ESTIMATED EXCESS 70-YEAR
INDIVIDUAL RISK
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differences between low incidence and high incidence areas shown in Figure 4-3. This
differentiation between the two figures reflects the effect of differing population densities
in the study area.

Interpretation of Results - Core Area. The core area of the study area is located

astride the U.S. - Canadian border, and includes Detroit, most of the industrial area in
Windsor and Wayne County, and parts of Macomb and Oakland Counties. It includes all
of the 2 1/2 km grid cells not in Pt. Huron and Sarnia. As indicated in Figures 4-3 and 4-4,
the peak risks and incidences are located in the core area. This is not unexpected because
of the proximity of emissions and population. Figure 4-5 shows the locations of the grid
cells with the peak risks and incidences on the U.S. and Canadian sides.

Figures 4-6, 4-7, and 4-8 present population, incidence per square kilometer, and
individual risk for the grid cells within the core area. As can be seen in Figure 4-6,
population is most concentrated in the northern half of the core area (on the U.S. side).
Figdre 4.7 provides a portrayal of the peaks that.were shown in the three-dimensional
presentation in Figure 4-3.

Figure 4-8 highlights those areas with highest individual risk. The two cells with a
risk in excess of 1.2 x 10 are cells 136 and 150. Cell 136 is the cell in the north central
area with the greatest overall contribution from coke oven emissions (over 40%). Cell 150
has similar proportional impact from coke oven emissions, but total incidences in this
particular cell are limited; this cell is located over the Detroit River, and there is a

relatively small population located on the limited land area of Detroit and Windsor within
its boundaries.

Tables 4-3 and 4-4 provide a presentation of the contributions by pollutant and
source groupings to the risks in grid ce'l 136, the peak risk area. These tables both show
the relative dominance of coke oven emissions versus other pollutants and sources at this
site. (As with the previous figures, the source grouping data in Table 4-4 is based on the
top seven contributing pollutants areawide.) Calculations for grid cell 150 show very
similar results for both pollutant and source grouping contributions.

4-17
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FIGURE 4-5
GRID CELLS FOR THE 2.5 X 2.5 KM AREA
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FIGURE 46

POPULATION BY GRID CELL IN THE
CORE AREA
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FIGURE 4.7

INCIDENCE PER SQUARE KILOMETER
BY GRID CELL IN THE CORE AREA
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FIGURE 43

IN THE CORE AREA

INDIVIDUAL RISK BY GRID CELL
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TABLE 4-3

POLLUTANT CONTRIBUTION TO RISK .
AT GRID CELL WITH HIGHEST INDIVIDUAL RISK

Pollutant %

Coke oven emissions ' 374
Formaldehyde ' 24.6
1,3 butadiene 11.9
Carbon tetrachloride : 94
Arsenic 2.8
Chromium 2.6
POM g 2.6
Dioxins o 2.6
Beryllium 2.0
Asbestos 13
Benzene 1.2
Gasoline vapors 0.6
Cadmium 0.5
Benzo(a)pyrene 0.1
Ethylene dibromide 0.1
Vinyl chloride ' 0.1
Trichloroethylene 0.1
Others™" Q1

TOTAL 100.0
~Grid Cell 136.

Perchloroethylene, PCBs, chloroform, styrene, acrylonitrile, ethylene oxide, methylene chloride, chlordane,
beptachlor, and epichlorohydrig.
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TABLE 4-4

SOURCE GROUPING CONTRIBUTIONTO |
GRID CELL WITH HIGHEST INDIVIDUAL RISK

Source Grouping %
Steel and coke manufacturing | 40.5
Photochemically generated formaldehyde 26.8
Background carbontetrachloride 10.6
Highway vehicles 9.1
Other industry 6.8
Fuel combustion 5.1
Vehicle manufacturing Ll

TOTAL 100.0

~@rid cell 136.
Residential and miscellaneous sources contribute less than 0.1%.

423
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Interpretation of Results - U.S, Area of Highest Incidence. The area of highest
incidence on the U.S. side of the border is in central Detroit, about seven kilometers
(between four and four and a half miles) northwest of downtown Detroit. The
contributions to cancer incidence at this location are relatively simiiar to the results for the
study area as a whole. Figure 4-9 shows the relative pollutant contribution for the seven
top pollutants - formaldehyde, coke oven emissions, carbon tetrachloride, 1,3-butadiene,
hexavalent chromium, dioxin, and polycyclic organic matter with all other pollutants
grouped together. As with the relative pollutant contribution areawide, the seven top
pollutants contribute to the majority of total incidences - about 96% compared to a total of
roughly 92% over the area as a whole.

Figure 4-10 shows the relative source group contribution for this area for the top
seven pollutants. Of those pollutants that contribute at least one cancer incidence, arsenic,
beryllium, and cadmium are all point source dominated, with fuel combustion being the
major contributor; arsenic, beryllium, and cadmium are all trace contaminants which are
emitted during combustion of coal and fuel oil. In.cor/nrast, the emissions of asbestos,
benzene, and gasoline vapor are primarily from motor vehicles, though nearly a third of
benzene comes from point sources such as petroleum product storage and marketing.
("Gasoline vapors" only include emissions from vehicle refueling.)

The major difference between Figures 4-1 and 4-2 (pollutant and source category
contributions) for the area as a whole and Figures 4-9 and 4-10 for the highest U.S.
incidence area is the role of steel and coke manufacturing and specifically, coke oven
emissions. The contribution of coke ovens is substantially greater at the highest incidence
site than for the area as a whole.

Another significant conclusion is the relative risks on the U.S. versus the Canadian
side of the border. As Figures 4-3 and 4-4 show, the peak individual risks as well as the
relative incidences per square kilometer are much greater on the U.S. side of the border.
There are in fact dozens of grid cells on the U.S. side with incidences per square kilometer
greater than the highest incidence area on the Canadian side. The next section discusses
the results of the analysis done on the peak Canadian area of highest incidence.

424
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mwwmuwmm The area of

highest incidence on the Canadian side of the border is in Windsor, approximately four and
a half kilometers (a little less than three miles) southeast of downtown Detroit. Figures 4-
11 and 4-12 show the results of pollutant and source grouping analyses for the area. The
results are very similar to those for the U.S. side. Again, the major differences with the
areawide results is that there is a substantially higher contribution from steel and coke
manufacturing (i.e., coke oven emissions) than for the areawide results. The primary
difference between the areas of highest incidences on the Canadian U.S. sides is that the
rick and relative incidences on the Canadian side (and, for that matter, Canadian grid ceils
as a whole) are substantially lower.

The reason for this disparity is that incidences tend to be concentrated where
emissions and population dre in close proximity. In the case of the Transboundary study
area, emissions and population are concentrated on the U.S. side, especially in the core
area. Out of a total population of 4,285,000 in the study area, about half a million reside
on the Canadian side of the border. Similarly, the cgrcinégem’c pollutants (those with unit
risk factors) are primarily, though not exclusively, emitted on the U.S. side. Carcinogenic
pollutants are also emitted on the Canadian side, but the combination of a smaller
proportion of total industrial sources and a smaller population contribute to a substantially
smaller total of incidences.

CONCLUSIONS

The risk estimates presented in this report should be regarded as only rough
approximations of total cancer cases and individual lifetime risks, and are best used in a
relative sense. Estimates for individual pollutants are highly uncertain and should be used
with particular caution. More detailed discussions of the uncertainties are included in the
respective individual sections presented above.

iR SABOMPOST ESSION L D DOLILGANI Aa:tRe S AEfS-wrhic

of the eriginal tosl of 57 pellutanss; some of these
pollutants have been shown to be carcinogenic based on human exposure data, and others
have been implicated by animal studies. Emissions of fifteen additional pollutants (which

USEPA does not consider to be carcinogenic, or for which there is insufficient information

USEPA considers carcigcnic, [ &
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for USEPA to judge carcinogenicity) were also found to be emitted in the area. This study
suggests that about 373 cases of cancer over 70 years, or about 5 cancer cases atmbutable
to ¢ atr pollunon per year in thts study area. Further g

: )\ is estimated in the study area. Thete is some geographtc
vanabtltty in the nsks across the study area. In general risks are greatest in south central

57 _ i§dd, as a result of emissions ‘from motor

/ vehicles, industrial facilities, and miscellaneous area sources. The most significant direct

5§\° \ contnbutor was steel and coke manufacturmg facilities with about 18% of total incidences.

o tetrathlotide (about 1S%), highway vehicles (about 119%), other

industrial famhttes (about 99%), and fuel combustion (about 7%) were the next most

significant categories. The least significant categories were vehicle manufacturing (about

1%) and residential and other miscellaneous area SOUFCes (nearly zero). However, vehicle

manufacturing facilities (especially painting and degreasing activities) can emit significant

volatile organic compound emissions which can contribute to photochemical generation of
formaldehyde and other substances.

It is useful to apportion the estimated total number of cancer cases according to the
weight of evidence that the pollutants are carcinogenic. According to USEPA’s review of
the weight of evidence of carcinogenicity the 27 pollutants for which risks were estimated in
this study include "known human carcinogens," "probable human carcinogens "and "possible
human carcinogens.” Of the estimated 373 cancer cases per 70 years, about 25% are
attributable to "known human carcinogens," and about 75% are attributable to "probable
human carcinogens.” No cases are attributable io "possible human carcinogens.”

To put the air toxics risk in perspective, it would be desirable to discuss cancer risks
due to other forms of environmental pollution. However, m@my focused on air
pollutton risks and digl pokexshiasmst s Srom othes.forms. of sxposure viropmental
RENk g, Other exposure routes include exposure through drmktng water, skin
contact, eatmg fish or swimming in lakes (e.g., Lake St. Clair) which may contain
contaminants, and exposure to indoor air contaminants including radon. Also complicating

4-30
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any review of the relative significance of air pollution is the potential for other air
pollutants which cannot currently be quantitatively evaluated but nevertheless cause
significant risks. Air pollution appears to be an important cause of environmental
puliution-related cancer cases in this area, but a comparison of airborne risks to risks from
other environmental exposures is outside the scope of this study.

Although specific estimates of individual risks and area-wide cancer cases have been
given in this report, the uncertainties underlying these estimates dictate that these
estimates be used cautiously. The specific types of uncertainty inherent in these estimates
have been described in various sections of the report, and include various uncertainties in
estimating emissions, uncertainty in quantifying atmospheric dispersion, and various
uncertainties in developing until risk factors from available human or animal data. In
addition, concentrations in this study may generally be understated, whereas unit risk
factors are designed to be more likely to overstate than to understate risks. Thus, this study
may either overstate or understate risks, and in either case may provide estimates which
differ substantially from the actual risks. 7 |

In interpreting this data, it should be noted that a number of similar studies (e.g.
Summerhays, 1989) show individual risks higher than the individual risks illustrated in this
study. However, it should be pointed out that the methodologies, including the dispersion
models and modeling protocols, do differ between this study and other studies. Therefore,
it is difficult to compare directly the results of this study with other studies, and make
conclusions about the comparative risks of the Transboundary area with other areas. In
addition, rmmm Si i i

- CAKIORY Modelmg receptors were placed at the

A higher risk point were located betwegn
A b od’ A more thorough moceling analysis of all emission
pomts w1thm facﬂmes of pamcular interest with multiple receptors (within high risk gnd
cells) would provide a higher probability for locating particularly high risk areas.

This study was designed as a screening study of a broad range of source types and
air pollutants, rather than as a more intensive study of any single source type or pollutant.
As such, more reliable results could be obtained by further investigation of several

431
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elements of the study. Given the evolving nature of knowledge for the pollutants in this

study, a new review of the literature would likely suggest several modifications in the
emissions estimates used in the study.
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CHAPTER §
DEPOSITION ASSESSMENT

The deposition assessment used the same emission inventory, grid system, and
model (ISCLT) as the risk assessment. This chapter reviews both the approach used for
deposition modeling and the results.

DEPOSITION MODELING APPROACH
Depositi ¢ nd Implications for Modeling in thi

Atmospheric deposition processes depend on a cqmpléx interaction of atmospheric
chemistry and transport phenomena. Different substances may occur in different phases,
and a single substance may occur in more than one phase simultaneously. In fact, within a
region (such as the Transboundary area) it is quite likely that many pollutants will be split
among several environmental compartments (soil, suspended particles, vapor phase
atmosphere, surface water, etc.), with a dynamic exchange of material between
compartments (Thibodeaux, 1979).

Deposition processes include gravitational settling of particles, dry deposition of
gases and particles, and wet deposition of gases and particles. The key measure of
deposition rates for these three mechanisms are settling velocity, dry deposition velocity
(sometimes referred to as just "deposition velocity"), and washout ratio. Settling velocity
describes the average rate at which relatively large particles settle to the surface; as the
diameter of particles decrease, particles tend to stay suspended (i.e., settling velocity goes
to zero). In contract, deposition velocity is a measure of the flux of a suspended particle or
gas towards the surface through other transport mechanisms. A washout ratio is the
concentration of a substance in precipitation divided by the concentration of the same
substance in the atmosphere immediately prior to precipitation. Therefore, solubility in
water and the relative split of a substance between an aqueous medium and an atmospheric
medium (as expressed by a substance’s Henry’s Law constant) will in large part determine a

5-1
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substance’s washout ratio. Theoretically, if the concentration and the washout ratio is
known, wet deposition can be estimated if the precipitation rate is known.

The purpose of this analysis is to provide a screening level estimate of deposition
into the Great Lakes watershed. As an approximation of the impacts, it was decided to
focus on those grid cells which include or touch the major Great Lakes waterways (Lake
Huron, the St. Clair River, Lake St. Clair, the Detroit River, and Lake Erie). In total, 102
grid cells were identified. Deposition modeling therefore needed to be organized using the
emissions database developed with procedures described above, and focused on the 102
waterway cells.

Developing inputs for detailed deposition modeling is far from straightforward.
Deposition velocities and washout ratios have been empirically measured, both in the
laboratory and in the field, but there are no standardized values for different types of
substances. While some empirical data is available (some of which is discussed below), in
some cases results may vary by an order of magnitude. -t was therefore decided to develop
a number of different scenarios in order to reflect the range of pollutant behavior, and the
uncertainty implied by the documented empirical data.

Deposition scenarios were defined by ISCLT inputs. While ISCLT covers dry
deposition processes, it accepts only specification of a settling velocity (for larger particles)
and a reflection coefficient to describe deposition behavior. (The reflection coefficient
expresses the proportion of a substance which is "reflected” when it comes in contact with
the surface.) Therefore, because it was desired to estimate a reasonable range of
deposition rates for individual pollutants, it was necessary to first develop a reasonable
range of settling velocities/reflection coefficient combinations.

Particle settling velocities are a function of particle size, with smaller particles
having slower velocities. Gases do not have settling velocities as such, so for the purposes
of this analysis, it was assumed that gases would behave as if they were small particles.
Small particle settling velocity (with a typical reflection coefficient for small particles) was
therefore taken as the basic assumption for assumed "low deposition” scenario. A large

AP/PAS47/FBQIT26B.RPT .



particle settling velocity (with a typical reflection coefficient for large particles) was taken
as the basic assumption for a "high deposition” scenario.

There is substantial data available on settling velocities of particles. Based on
published summaries (McMahon and Denison, 1979, and Sehmel, 1980), 0.05 cm/sec is a
representative terminal settling velocity for smaller particles (less than 10 microns), while 1
cm/sec is representative for larger particles. Based on Figure 2.8 of the ISC User’s Guide
(USEPA/OAQPS, 1986b), reflection coefficiencies should be in the range of 0.95 for a 0.05
cm/sec settling velocity, and 0.75-0.80 for a 1 cm/sec settling velocity.

ISCLT however only addresses dry deposition processes; it has no algorithm for wet
deposition. Both gases and particles may be subject to wet deposition, but the relative
relationship of wet to dry deposition may be dependent on a number of variables, including
the tendency of a substance to sorb onto suspended particles, its solubility in water, and
other factors. In some areas, such as California where_rainfall is less than the eastern
United States and Canada, dry deposition appears 16 be the primary toxics deposition
mechanism (California Air Resources Board, 1987). However, much of the work in the
Great Lakes area indicates that wet deposition is just as important, and probably more
important, than dry deposition.

For example, Swackhamer et al. reported that at a remote lake in Isle Royale,
Michigan, wet deposition of PCBs was three times dry deposition of PCBs (Swackhamer et
al,, 1988). Strachan and Eisenreich reported a 1.3 wet-to-dry ratio for PCBs (Strachan and
Eisenreich, 1987). « Eisenreich et al. reported a wet-to-dry ratio of 1.5-5.0 for a variety of
high molecular weight organics, including several of the polynuclear aromatic hydrocarbons
(PAH) on the study list of 57 pollutants. Scudlark and Church calculated a wet-to-dry ratio
for arsenic on the Delaware coast of 2.4 (Scudlark and Church, 1988). However, it must be
pointed that empirical data does vary widely. Some pollutants, such as gases with high
Henry’s Law constants for example, will be less susceptible to wet deposition processes.

For the purposes of comparison then, two alternative calculations were set up, using
dry deposition rates as a base (low and high scenarios). A factor of three was assumed to
be a generally applicable wet-to-dry ratio. A lower bound for wet deposition was set at 30
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percent of dry deposition to account for those pollutants which are less susceptible to wet
- deposition processes. This factor was chosen to give an order of magnitude range from the
"high" estimate of wet deposition (i.e., three times dry deposition).

deling Inputs and Calculation of Total D ition R

The discussion outlines an approach based on two dry deposition scenarios a "low
deposition" rate scenario and a "high deposition” rate scenario. ISCLT was therefore run
twice, once for each scenario. All model inputs were the same as for dispersion modeling
runs (see section on the dispersion modeling approach), except that deposition was not set
to zero. As with the dispersion modeling runs, a "unit” emission rate was used, and
receptors were located at the centroids of grid cells. Total annual deposition rates were
then calculated by summing the products of unit source-receptor deposition contributions
at individual receptors times source strengths of the individual sources. Total deposition
over a grid cell was then determined by multiplying the total deposition rate by the surface
area of the cell. , s

-
-—'//

The next step was to classify pollutants according to deposition scenario (low or
high). Sehmel suggests that dry deposition rates of gases can be in an order of magnitude
lower than dry deposition rates on particles (Sehmel, 1980). Therefore, pollutants which
can be classified as primarily vapor phase pollutants were assigned to the "low" scenario;
those which can be classified as primarily particle-based were assigned to the "high"
scenario. A summary is provided in Table 5-1. Several of the gaseous pollutants are very
volatile and nearly insoluble in water. These are noted in Table 5-1.

This table was organized based on engineering and scientific judgment using a
number of basic references (Howard, 1989, Howard, 1990, Rice, 1982, Green, 1984, and
Weast, 1967). Because of conflicting and/or ambiguous information, five pollutants were
analyzed for both scenarios. It should be noted that few if any of these 42 pollutants can be
classified as purely a vapor phase or a particle-based pollutant.

54
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TABLE §5-1
SUMMARY OF POLLUTANT

BY DEPOSITION SCENARIO

w iti ri

Acrylonitrile

Allc?i chloride®
Benzene

1.3 butadiene®
Carbon tetrachloride®
Chloroform*
Epichlorohydrin
Ethylene dibromide
Ethylene dichloride
Ethylene oxide
Formaldehyde
Gasoline vapors
Methylene chloride
Perchloroethylene
Trichloroethylene
Vinyl chloride®

Both Scenarios

Di n-butyl phthalate
Mercury
Phenanthrene

Polychlorinated Biphenyls

Styrene ‘

i n
Arsenic
Asbestos
Beryllium
Benzo(a)pyrene
Cadmium
Chlordane
Chromium
Chrysene
Coke oven emissions
Diazinon
Dioxins
Fluoranthene
Furans
Guthion
Heptachlor
Lead

Methyl chrysenes
Nickel g
Parathion
Selenium

Total PAHs

* Very volatile and insoluble in water



Wet deposition rates were then calculated as follows:

Low Deposition (volatile/insoluble) ~Because of the chemical properties of these
four pollutants, it was assumed that they are resistant to wet deposition processes,
and wet deposition was assumed to be equal to zero.

Low Deposition (others) - Wet deposition ranges from 30 percent to three times the
low dry deposition estimate.

High Deposition - Wet deposition ranges from 30 percent to three times the high
dry deposition estimate.

Both Scenarios - Wet deposition ranges from 30 percent of the low dry deposition
estimate to three times the high dry deposition estimate.

7
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Total deposition rate was then calculated by a simple addition of the dry deposition rate to
the wet deposition rate. The full methodology is presented in Figure S-1. As mentioned
above, the total deposition per cell was calculated by multiplying the total deposition rate
by the surface area.

SUMMARY OF RESULTS

Table 5-2 proyides a summary of deposition results using the methodology described
above. Estimates are provided for the same 42 pollutants for which emission estimates
were provided. Ranges are provided for all pollutants, except for the five which were
designated as "dry deposition only" pollutants. Due to the screening nature of this
assessment and the uncertainty associated with a number of assumptions, all results were
rounded to ome significant figure. Unlike the risk assessment analysis in Chapter 4,
chromium results are for total chromium, not hexavalent chromium.
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TABLE 5-2

SUMMARY OF ATMOSPHERIC DEPOSITION IN
GREAT LAKES WATERWAYS IN THE STUDY AREA

*To one significant digit

AIR/4285.651/FBC30S7B.TBL

Pollutant Deposition Range (tons/year)"
Acrylonitrile .05-0.2
Allyl chloride .01 (dry only)
Arsenic 1-3
Asbestos - .6-1
Benzene 100-300
B(a)P 4-1
Beryllium .6-2
1,3 butadiene 20 (dry only)
Cadmium S-1
Carbon tetrachloride .02 (dry only)
Chlordane .03-.1
Chloroform .01 (dry only)
Chromium 4-10
Chrysene 4-1
Coke oven emissions 70-200
Diazinon - d1-4
Dibutyl phthalate 7-10
Dioxins .0003-.0008
Epichlorohydrin .08-2
Ethylene dibromide 4-1
Ethylene dichloride 14
Ethylene oxide 04-.1
Fluoranthene S5-2
Formaldehyde 3-9
Furans .0003-.0008
Gasoline vapors 600-2000
Guthion 3-9
Heptachlor .008-.02
Lead . 10-40
Mercury 2-.7
Methyl chrysene 2-.6
Methylene chloride 4-10
Nickel 6-20
Parathion .05-.1
PCBs .007-.09
Perchloroethylene 30-90
Phenanthrene 2-3
Selenium 4-10
Styrene 10-200
Total PAHs 6-20
Trichloroethylene 20-50
Vinyl chloride .6 (dry only)



.

DISCUSSION

Data Inputs

As mentioned above, it should be reiterated that the results in Table 5-2 are just for
the 102 grid cells that border on major Great Lakes waterways in the Transboundary area.
Other grid cells in the area will certainly receive deposition of one or more of the 42 toxic
substances which are emitted in the area.

In many ways, this analysis is conservative. It is assumed that any substance which is
deposited into a grid cell which touches a major Great Lakes waterway in fact runs off into
that waterway. Though conservative, this assumption should be balanced out in part by
deposition into grid cells within the Transboundary area (or even places outside the area)
within the Great Lakes watershed which results in run-off contribution.

Use of ISCLT itself may be conservative. Some past studies (for example, Tesche et
al., 1987) suggest that ISCLT does not always conserve mass and that ISCLT estimates can
at times substantially over-estimate actual deposition rates. Recommendations to remedy
such potential deficiencies have included suggestions for higher reflection coefficients than
that normally recommended. While the reflection coefficients used may therefore
overestimate short range deposition, it is not clear what impact the reflection coefficient
assumptions would have on total regional deposition (which is the subject of this study).
However, it is likely because of past studies with ISCLT that the deposition rates calculated
are conservative. '

Results

One way to judge the reasonahleness of the results is to compare the deposition
results with the emission results. As mignt be expected, those pollutants with higher
emission totals also have higher deposition totals. This generalization of course is not
uniformly true because of the differing deposition assumptions for different pollutants.

Though there was no analysis to determine total deposition in the entire
Transboundary region to ensure that there were no "conservation of mass" anomalies, the
results do seem to be reasonable. Deposition rates range from less than 1 percent of total

59
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emissions to almost 30 percent. A significant portion of emissions should be available for
deposition because prevailing winds usually vary from south to west, and a significant
portion of the major Great Lakes waterways are downwind of the greatest concentration of
emissions (in the core area). The modeling results appear to reflect such a phenomenon.

It should be noted that these results, while apparently reasonable, should be
considered as a starting point for additional analysis. For particular pollutants of concern,
more sophisticated modeling should be considered, using regional models developed
specifically for deposition analysis. While the emission results are relatively comprehensive
(see Chapter 4), much more can be done to evaluate and develop specific modeling
assumptions. Factors to be considered include vapor/particle phase partitioning and
precipitation scavenging ratios for specific substances. Priorities for this kind of analysis
can be set on the basis of the importance of individual substances for Great Lakes water
quality, the reported deposition ranges provided by this and other studies, and assessments
of the significance of atmospheric deposition of specific substances into the Great Lakes
versus other input routes. -
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